INTRODUCTION
River water contains several tracers which enable oceanographers to identify its effect on the ocean. Near the point of intrusion a turbid plume provides strong visual evidence of the presence of river water. Further offshore negative salinity and positive silica anomalies are the most common indicators of river water in the ocean. In this paper we shall introduce a new tracer, the 228Ra/226Ra activity ratio, for identifying river water thousands of kilometers from its riverine source.
Ryther et el. [1967] noted that Amazon River water was entrained in the Guiana Current and carried to the north and east where its presence could be recognized by anomalous salinity and nutrient composition and phytoplanktonic organisms. The low salinity and high silica contents were the best indicators. Metcalf[1968] proposed that a major interruption of the Guiana Current in the vicinity of the Amazon mouth allowed low-salinity water derived from the Amazon to penetrate as much as 650 km into the Atlantic Ocean.
During the BOMEX expedition, Landis [1971] observed low-salinity water (33%o) at 17øN in late July 1969. The BOMEX station network was arranged so that salinity contours clearly indicated that the Amazon River was the source of the freshened water. Steven and Brooks [1972] determined that at a station near Barbados, salinity and silica were inversely correlated at 5-and 25-m depths but not at greater depths. Their observations, which extended for almost two years, clearly showed that the low-salinity water passed the sampling station as distinct pulses. Borstad [1982] related salinity differences near Barbados to meanders of the Guiana Current and noted lowest salinities during July-August and highest salinities during December-January.
Froelich et el. [1978] identified low-salinity, high-silica water in the central Caribbean, which they attributed to the Amazon and Orinoco rivers. Highest salinities were measured Copyright 1986 by the American Geophysical Union.
Paper number 5C0824. O148-0227/86/005C-0824505.00 during April-May and lowest salinities occurred during late October to early November, directly out of phase with the observations near Barbados. Through a three-point conservative mixing model they were able to determine that at least 60% of the freshwater in these seasonal signals originated in the rivers rather than as precipitation. If silica was nonconservative, the relative proportion of river water could be even greater. River water in the ocean. Once the water leaves the nearshore zone, the ratio will only change by decay of ::8Ra (t x/: = 5.7 yrs.) and mixing. The salinity signal can change by precipitation and evaporation, and the silica signal can change by biological uptake, but these processes have no effect on the 2:SRa/::•Ra activity ratio.
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SAMPLING AND MEASUREMENT TECHNIQUES
The samples were collected during the North Atlantic Study (NAS) and Tropical Atlantic Study (TAS) of the Transient Tracers in the Ocean (TTO) project (Figure 1 ). Surface water was sampled by suspending a bag of MnO•-coated fiber (Mnfiber) [Moore, 1976] NBS standards. Radium 226 was determined using the procedures described by Moore et al. [1985] .
These procedures allow a rapid assessment of the Ra isotope content of surface waters. No dedicated ship time and relatively little laboratory and counting time are required for these analyses.
RESULTS
The full data for samples reported in this study are available from WSM.
The errors for the ::SRa/Z:6Ra AR are generally < + 5% on the basis of a weighted means assessment of three gamma ray peaks for each isotope. These errors do not include uncertainties in the calibration of the detector or the relative uncertainties of the gamma ray intensity of each peak. Such uncertainties may add another 2 to 4% to the absolute uncertainty of these measurements, but because the samples were measured in standard geometry in a single detector, they do not affect the relative uncertainties.
Throughout this d{seussion we refer to changes in ::SRa as changes in the ::SRa/ZZ6Ra activity ratio. This is because we have a great deal more data on the activity ratios than on the absolute ::6Ra activities that we use to compute absolute ::SRa. We may sacrifice some information by only using activity ratios, but this does not seem to be a major problem. In the salinity range 34-37%0 there is a distinct difference in the AR-Sal relationship for NAS leg 2 and TAS leg 1 samples (Figure 7) . Most of the TAS leg 1 samples have significantly lower ARs than NAS leg 2 samples of similar salinity. These differences may also be explained by postulating that most of the TAS leg 1 samples represent an estuarine component that left the estuary before receiving maximum 2•SRa input.
UNMIXING THE AMAZON ESTUARY COMPONENT
If we assume conservation of salt and radium, we can write equations which may be solved for various combinations of radium isotopes and salinity to yield an estimate of the contribution of the Amazon estuary to Atlantic and Caribbean surface waters. We expect these processes to operate on a time 'scale of months, so we ignore •28Ra decay. because the two radium isotopes should be utilized in the same AR as they occur; however, biological removal in the estuary could change the end-member concentrations.
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TEMPORAL VARIABILITY OF THE SIGNALS
Borstad [1982] , in a summary of his measurements and those of earlier workers near Barbados, noted maximum salinities during winter (December-January) and minimum salinities during summer (July-August). Ryther et al. [1967] found that freshwater lenses were restricted to an area fairly where the Guiana Current turns offshore during the summer and may be related to the presence of eddies in this region [Bruce, 1984] . We believe that the variability observed at Barbados is also related to the changes in the coastal flow, with the lower summertime salinities corresponding to the time that the coastal currents develop a stronger eastward component.
Our data indicate that the mixing pathways carrying water to each region are different. In high-discharge conditions during winter when the North Equatorial Countercurrent is very weak, water passes through the estuary where there is strong vertical mixing, loss of Si, and maximum gain of 228Ra. 
